Introduction
Hypertension is associated with increased risk of cardiovascular diseases, and it has been well established that pharmacological treatment for hypertension substantially reduces the risk of stroke, coronary heart disease, and other cardiovascular diseases (1−3) . Much interest has recently been drawn to the question of whether any one class of antihypertensive drugs is more effective than the others. A meta-analysis suggested that calcium antagonists were inferior to other types of antihypertensives in reducing the risk of major cardiovascular events (4) . In another meta-analysis, however, there was no overall difference in major cardiovascular events among the three treatment regimens of angiotensin-converting enzyme (ACE) inhibitors, calcium antagonists, and diuretics and β-blockers combined (5) . The Antihypertensive and LipidLowering Treatment Trial indicated that diuretic was superior to calcium antagonists and ACE inhibitors in preventing one or more major cardiovascular events (6, 7) . Furthermore, losartan, an angiotensin II receptor blocker, was shown to have a greater effect of reducing cardiovascular events than atenolol in a randomized trial (8) , while a recent trial showed no overall difference in cardiovascular events between a calcium antagonist and an angiotensin II receptor blocker (9) .
In Japan, one study reported a more frequent occurrence of cerebrovascular events in patients allocated to receive a calcium antagonist as compared with those receiving an ACE inhibitor (10) , but another trial found no difference in cardiac events between an ACE inhibitor and a calcium antagonist (11) . We therefore carried out a case-control study of patients under antihypertensive medication to address the question of whether the effect of antihypertensive drugs on the risk of cardiovascular events (stroke, myocardial infarction, and sudden and unexpected death) differs by the class of antihypertensive drugs.
Methods
Both cases and controls were Japanese patients who had been receiving medication for hypertension for a period of at least 6 months before the onset of the cardiovascular event (cases) or before the enrollment (controls). The cardiovascular events under study were stroke (cerebral infarction, cerebral hemorrhage, and subarachnoid hemorrhage), myocardial infarction, and sudden and unexpected death. Both cases and controls had no prior history of symptomatic stroke, myocardial infarction, or intervention procedures for the coronary, carotid, and cerebral arteries. Patients with severe life-limiting conditions such as renal dialysis and malignant neoplasm under treatment were not eligible. A total of 134 physicians across the nation participated in the study, and they were in charge of recruitment of patients and collection of information on clinical and behavioral variables. The study was designed and implemented in accordance with the Helsinki Declaration, and was approved by the Institutional Review Board of each participating institution. Written informed consent was given by each participating patient or a proxy family member if the patient was deceased at the time of recruitment.
Cases
Cases were hypertensive patients aged 50−79 years who first experienced the above-specified cardiovascular event during the period from October 2001 to March 2002. They had to have been under medication for hypertension over 6 months or longer prior to the onset of the cardiovascular event. The diagnosis of cerebral hemorrhage, cerebral infarction, and subarachnoid hemorrhage was based on acute neurological symptoms and imaging techniques such as computed tomography and magnetic resonance imaging. Myocardial infarction was defined based on clinical symptoms accompanied with diagnostic serum enzyme elevations or electrocardiographic findings. Sudden and unexpected death was defined as death occurring within 24 h after the onset of severe symptoms in the absence of known conditions other than coronary heart disease and stroke. The definition of sudden and unexpected death was a modified version of the criteria used in the Lipid Research Clinics Coronary Primary Prevention Trials (12) .
In the consecutive series of 235 cases, 209 patients agreed to participate in the study, but 32 cases were found to be not eligible after the enrollment, and 5 cases had no matched control. Further, one case was excluded due to lack of compliance with the prescribed drug regimen. Thus 171 cases remained in the analysis. The types of cardiovascular events were as follows: cerebral infarction (n= 92), cerebral hemorrhage (n= 18), subarachnoid hemorrhage (n= 6), myocardial infarction (n= 47), and sudden and unexpected death (n= 8).
Controls
The eligibility criteria of controls included no prior history of the cardiovascular events under study, an age of 50−79 years at the time of enrollment, and medication for hypertension for 6 months or longer before the enrollment. At the time of enrollment of each case, approximately 20 patients under medication for hypertension in a consecutive series were temporarily enrolled from the same institution as each case. Of these control candidates, at most 4 patients whose sex and age (within 5 years) were the same as those of the case were randomly selected. A total of 3,939 patients were temporarily enrolled in this manner, and 599 patients were randomly selected. Of these, 43 patients refused to participate in the study, 18 were found to be ineligible after collection of relevant information, and one had hardly taken the prescribed drug. After exclusion of these patients, 537 controls remained in the analysis. The numbers of controls matched to cases of cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage, myocardial infarction, and sudden and unexpected death were 283, 61, 23, 147, and 23, respectively.
Clinical and Behavioral Variables
The names of antihypertensive drugs and the duration of prescription before the onset of cardiovascular event (cases) or before the enrollment (controls) were reported by the participating physicians. In each case, a class of antihypertensive drugs was regarded as having been prescribed if the patient had taken it for at least 90 consecutive days at some point in the past 6 months. The study physicians also reported their judgment of the patient's compliance with the prescription (categorized as "taken 5+ days per week," "half-taken," and "hardly taken"), the frequency of clinic visits (open-ended question), and the monthly measurements of blood pressure in the period of 1−6 months prior to the event (cases) or enrollment (controls). The average systolic and diastolic blood pressure were obtained from the monthly records. The median number of blood pressure measurements taken was 4 in both cases and controls, and 17 cases and 26 controls had only one recorded measurement of blood pressure. Based on the average systolic and diastolic blood pressure, blood pressure status was classified as normal (including optimal and high normal), mildly hypertensive, moderately hypertensive, and severely hypertensive according to the definition of the Japan Society of Hypertension (3), which is identical to the WHO/ISH statement definition (1). Moderate and severe hypertension were combined in the analysis because patients in these two categories were few.
The physician's diagnoses of angina pectoris, diabetes mellitus, and nephritis or nephrosis were recorded, along with any use of nitrites, oral hypoglycemic drugs, insulin, and statins, and the results of serum total cholesterol measurement. Patients were defined as hypercholesterolemic if their serum total cholesterol was ≥ 220 mg/dl and/or if they were under statin treatment. The activity of daily living (ADL) was assessed by using 4 precoded answers: completely independent, independent but with supportive devices and aids, under partial care, and bedridden. There was no bedridden patient in either the cases or controls as defined in the eligibility criteria.
Height, body weight, physical activity, smoking habit, and alcohol use were based on the report by patients (or a proxy of the family when a patient had deceased). The answer to the question regarding physical activity was dichotomous: hardly done (< 1 times per week) or regularly done (≥ 1 times per week). Ever-smoking was defined as the daily use of cigarettes for 1 year or longer, and a smoking habit was categorized as lifelong nonsmoking, former smoking, and current smoking. With alcohol use defined as drinking alcohol at least once per week over 1 year or longer, individuals were classified as lifelong nondrinkers, former drinkers, and current drinkers.
Statistical Analysis
Conditional logistic regression analysis was used to estimate the odds ratio (OR) and its 95% confidence interval (CI) with and without adjustment for the clinical and behavioral variables. The 95% CI was estimated by using the standard error of the conditional logistic regression coefficient. Dichotomous variables were used for compliance with antihypertensive medication, angina pectoris, diabetes mellitus, hypercholesterolemia, regular physical activity, and the ADL. Indicator variables were created to represent the three categories of blood pressure status, smoking, and alcohol use. The OR was considered to be statistically significant if the 95% CI did not include unity. Interactions between the type of antihypertensives and clinical risk factors were explored with a statistical significance level of 0.10 (two-sided). Statistical assessment of the interaction was done by the likelihood ratio test comparing the two models with and without an interaction term. All computations were made using the statistical software SAS release 8.2 (SAS Institute Inc., Cary, USA).
Results
The characteristics of cases and controls are summarized in Table 1 . The age distribution in the cases and controls was almost identical, although the proportion of men was slightly greater in the case group. While there was no material difference in the class of antihypertensives between cases and controls, patients with mild and moderate/severe hypertension and those with poor compliance were more frequent in cases than in controls. Diabetes mellitus and smoking were more prevalent, and regular physical activity and alcohol use were slightly less prevalent in the cases.
As expected from the proportions for each class of antihy- Data were missing for 5 controls, and they were categorized as non-participants in regular physical activity, nonsmokers, or nondrinkers pertensives shown in Table 1 , the crude ORs for the use of an individual class of antihypertensive drugs were not very different from unity, and the results did not change after adjustment for blood pressure status, compliance, and other cardiovascular risk factors (Table 2) . On the other hand, the grade of blood pressure status was positively associated with the risk of cardiovascular events. The crude ORs (95% CIs) for normal blood pressure, mild hypertension, and moderate/ severe hypertension were 1.00 (referent), 1.70 (1.14−2.53), and 2.51 (1.29−4.87), respectively. After adjustment for the covariates except compliance, the ORs (95% CIs) for normal blood pressure, mild hypertension, and moderate/severe hypertension were 1.00 (referent), 1.69 (1.10−2.60), and 2.20 (1.08−4.45), respectively.
Further analysis was done by breaking down the antihypertensive drugs into three groups: calcium antagonists; reninangiotensin system (RAS) inhibitors, which included both ACE inhibitors and angiotensin II receptor blockers; and other drugs, including diuretics and β-blockers. The number of patients who were prescribed the combination of a calcium antagonist plus a RAS inhibitor was 52 cases and 160 controls. Very few patients received calcium antagonists and/or RAS inhibitors in combination with antihypertensives other than these drugs (data not shown). Neither calcium antagonists nor RAS inhibitors were specifically associated with the risk of cardiovascular events (Table 3) .
We explored the interactions of each group of antihypertensive drugs (calcium antagonists, RAS inhibitors, and the traditional drugs) with the clinical risk factors for cardiovascular events. Possible interactions were noted between calcium antagonists and angina pectoris (interaction p= 0.037) and between diabetes mellitus and RAS inhibitors (interaction p= 0.098). A statistically significant 5-fold increase in the risk of cardiovascular events was observed for non-use of calcium antagonists in the presence of angina pectoris (Table 4) , and non-use of RAS inhibitors was associated with a statistically significant 3-fold increase in the risk among patients with diabetes mellitus (Table 5) .
Discussion
The present study did not show any material difference in the risk of cardiovascular events among hypertensive patients under medication with different types of antihypertensive Matched with sex, age, and institution. The referent group used antihypertensive drugs other than the specified class of drugs. Adjusted for blood pressure status, compliance with antihypertensives, angina pectoris, diabetes mellitus, hypercholesterolemia, regular physical activity, smoking, alcohol use, and activity of daily living in addition to the matched variables (sex, age, and hospital). drugs. On the other hand, there was a positive relationship between blood pressure status and the risk of cardiovascular events. The findings reiterate the importance of achieving and maintaining an appropriate level of blood pressure in the management of hypertension, i.e., below 130 mmHg in systolic blood pressure and below 85 mmHg in diastolic blood pressure (3) .
We observed that the risk of cardiovascular events increased when the RAS inhibitor was not used among the patients with diabetes mellitus and when calcium antagonists were not used in patients with angina pectoris. Because these findings were the results of an exploratory analysis seeking for possible interactions, caution should be exercised in their interpretation. Nonetheless, these findings are consistent with previous observations as regards RAS blockers and calcium antagonists.
Both ACE inhibitors and angiotensin II receptor blockers were shown to improve insulin resistance in humans as well as in animals (13, 14) . These RAS inhibitors also reduced the incidence of new onset diabetes mellitus (7, 15) . In a randomized placebo-controlled trial of hypertensive patients with diabetes mellitus (16) , the investigators noted that a reduction in the risk of cardiovascular events associated with ACEinhibitor treatment was greater than that attributable to the decrease in blood pressure. Furthermore, randomized trials comparing the effects of ACE inhibitors and calcium antagonists among people with hypertension and diabetes mellitus reported that the ACE inhibitors were more effective at reducing cardiovascular events (17, 18) , although such a differential effect as regards diabetes mellitus was not always observed (19) . Hypertension is the most common component of metabolic syndrome (20) , and the choice of antihypertensive drugs may be an important matter in the treatment of hypertension among patients with diabetes mellitus (21) .
As regards calcium antagonists, randomized trials based on coronary angiography showed that calcium antagonists suppressed the occurrence of new atherosclerotic lesions and progression of minimal coronary lesions in patients with coronary artery disease, although the drugs did not affect the progression or regression of advanced atherosclerotic lesions (22, 23) . Amlodipine (calcium antagonist) was shown to have the effect of slowing the progression of carotid artery atherosclerosis, but not of coronary atherosclerosis (24) , and the occurrence of myocardial infarction among patients with hypertension treated with amlodipine was less than that in those treated with an angiotensin II antagonist (9) .
Our present findings on the type of antihypertensive drugs used in clinical practice were also of interest. In the control group, over 70% of hypertensive patients received calcium antagonists, and the ACE inhibitor was the second most common agent (34%), followed by angiotensin II receptor blockers (22%), β-blockers (15%), and diuretics (6%). These figures probably represented the use of antihypertensive drugs in Japan (25) , since physicians across the nation participated in the study. In a survey conducted during the period from September 2000 to March 2001 in Tottori, Japan (26) , the overall prescription rates of calcium antagonists, ACE inhibitors, angiotensin II receptor blockers, β-blockers, and diuretics were 73%, 31%, 19%, 16%, and 10%, respectively.
Selection and information bias are methodological con- Adjusted for blood pressure status, compliance with antihypertensives, diabetes mellitus, hypercholesterolemia, regular physical activity, smoking, alcohol use, and activity of daily living in addition to the matched variables (sex, age, and hospital). Adjusted for blood pressure status, compliance with antihypertensives, angina pectoris, hypercholesterolemia, regular physical activity, smoking, alcohol use, and activity of daily living in addition to the matched variables (sex, age, and hospital). cerns in case-control studies. In the present study, the cases were patients with defined cardiovascular events in a consecutive series, and the controls were a random sample out of a consecutive series of hypertensive patients under medication. These procedures in the recruitment of cases and controls minimized selection bias and ensured comparability between cases and controls. Prescription of antihypertensive drugs, blood pressure, and cardiovascular risk factors were ascertained retrospectively, but on the basis of recorded data. In this regard, the present findings are unlikely to have been ascribable to information bias, although comorbid conditions such as hypercholesterolemia and angina pectoris may not have been ascertained accurately. Classification of the antihypertensive drugs prescribed for each patient was based on the continuous prescription for at least 90 days in the past 6 months. Prescription in the immediate past might be more relevant to the risk of cardiovascular events.
The randomized controlled trial is a preferred method for evaluating the efficacy of therapeutic treatments, but observational studies complement the evidence from randomized clinical trials. The efficacy shown in a limited group of patients may not be directly applicable in routine practice. The effectiveness of the treatments under actual clinical conditions can be addressed in observational studies (27, 28) . Although prospective studies are generally regarded as superior to case-control studies, results from case-control studies are as valid as those from prospective studies if prescription is determined on the basis of recorded data. As illustrated in a study showing that poor control of blood pressure was clearly associated with an increased risk of stroke in routine practice (29) , case-control studies are a valuable method of evaluating the effectiveness of a therapeutic regimen in a society in which randomized controlled trials are difficult to implement.
